Broadband sound propagation and accompanying environmental (temperature, salinity, current, and wind) measurements were conducted in the Delaware Bay during Nlarch and September, 1997. With the data from these experiments, acoustic pulse travel-time and intensity fluctuations are related to the variability in the water column, the sea-surface profile, and the bottom. Since the arrivals asociated with the direct path and those ray paths that interact with the sea surface are separated in time in these experiments, the major temporal changes of the received acoustic field due to the ocean volume can be sorted from those due to the sea surface. It is found that fluctuations of the transmitted broadband acoustic signals exhibit a strong frequency dependence and a strong correlation with the environment fluctuations.
INTRODUCTION
An accurate prediction of the acoustic signal transmission and its properties (e.g., spatial and temporal coherence), or an accurate inversion from the acoustic field of the ocean environment and its properties (e.g., temperature and salinity structure), is complicated because of the multiple interactions of the sound field with the sea bottom and sea surface, in addition to the constant interaction with the water column. Accurate modeling of these complex boundary interactions will play a significant role in the success of forward acoustic prediction in shallow water; likewise, successful acoustical inversion of shallow-water environments will depend strongly on our ability to separate out acoustic fluctuations due to the ocean volume from those due to the sea surface or sea bottom and sub-bottom. Recent efforts to investigate acoustic fluctuations at higher acoustic frequencies have not been as numerous as those at lower frequencies, although lately several good studies have been completed that address separately either fluctuations due to the ocean volume' or those due to surface roughness 2. Our own investigation of the propagation and scattering of high-frequency sound in the shallow-water waveguide commenced with two short experiments during 1994-95, where sound impulses with center frequencies between 0.6 and 22 kHz were transmitted in waters of approximately 15 m depth. A strong dependence of the temporal coherence on center frequency, ray path, geographic location, and time WM found. Furthermore, trends of increming signal decorrelation (between consecutive pulses) with incre~ing center frequency, and increasing signal decorrelation for paths with increasing number of interface interactions, were observed. This paper describes a pair of broadband acoustics experiments that were carried out in 1997 in the Delaware Bay. These experiments were improvements and expansions to our earlier efforts3.
ACOUSTIC EXPERIMENTS
Highly calibrated acoustic experiments were conducted in a well measured environment during N!arch and September 1997. The water depth for both experiments was about 15 m and different source-receiver geometries allowed examination of the spatial and temporal variability of the acoustic field. Independent measurements of CTD, .4DCP, temperature, surface wave directional spectra, wind speed, and wind direction were conducted simultaneous with the acoustic fluctuation measurements. During the Llarch experiment three acoustic receiving arrays were placed near the seafloor such that the source-receiver distance ranged from about 200 m for the near array to about 700 m for the far array. The broadband acoustic source allowed the generation of a wide variety of pulses, having different center frequencies and bandwidths. Each array contained three hydrophores in the water column, oriented vertically just above the seafloor, and one hydrophore buried in the sediment. In addition, during the September experiment reciprocal acoustic transmissions were conducted: Two arrays, each equipped with an acoustic source and a three-hydrophore receiver, transmitted to one another across a separation of 389 m. In this paper we present some examples of immediate observations from the September experiment. Figures 1(a) and 1(b) show an example of the acoustic signal versus arrival time for several geotimes (starting at 4 PM on 25 September 1997 and spanning 24 hours) and for center frequencies of 4 kHz and 16 kHz, respectively. The transmitted signal bandwidth for both cases is 10 kHz. The obvious differences beween the two figures qualitatively demonstrates the dependence on center frequency of pulse propagation and scattering in very shallow water. The first group of peak(s), occuring at about 0.257 ms in each figure, consists of the nearly coincident arrivals for the direct path and the single-bottom-bounce path. The arrival time of this first group varies as a function of geotime and this correlates well with the soundspeed variabilities in the water column. The amplitude fades of that same group correspond to changes in the slope of the soundspeed profile in the water column. The second group of peaks that arrive just after 0.2575 ms all correspond to ray paths that have one surface bounce. Note that for about the first 6 hours of geotime there are three distinct and separate peaks, while for later geotimes the arrival pattern is not as regular and shows a random behavior. This randomness is a direct consequence of the increase in surface wave energy due to an increase in wind speed: The wind speed increased from 2.2 to 9.8 knots between these two periods. (Nfodeling efforts to better understand this forward scatter from the sea surface are presently underway4). .411arrivals that follow this second group correspond to ray paths with multiple surface and bottom bounces and are expected to appear even more random and scattered, as the data confirms. The CTD-measured soundspeed profile for the same geotime period referenced above is shown in Fig. 2 , and it demonstrates the wholeness of the collected environmental data. Other deterministic fluctuations in the ocean environment were successfully related to acoustic fluctuations. From the difference in direct-path arrival times during reciprocal acoustic transmissions the average current along the source-receiver line was calculated and is in excellent agreement with the independent ADCP measurements. Tidal variations measured acoustically (from surface reflected arrivals) and measured directly also compare well. Relating stochastic volume fluctuations (e.g., turbulence) to acoustic fluctuations can also be obtainedl and analysis are underway 
